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(57) Abstract: A method, in a high-voltage cable (1) 
comprising a central conductor (2) consisting of one or 
more strands (2a), an inner semi conductive layer (3) 
and a surrounding insulating layer (4), of measuring 
the topography (3a, 3c, 3d, 3e, 3f, 3g) at the interface 
between the inner semiconductive layer (3) and the in- 
sulating layer (4). A plurality of probes are used, ar- 
ranged in a fixed array, spatially fixed at the outside of 
the cable, to emit ultrasound, with a frequency of be- 
tween 0.1 MHz and 20 MHz, preferably between 0.5 
MHz and 5 MHz, in the form of pulses, and to receive 
(detect) reflected sound (echo). The probes are acti- 
vated systematically, one at a time, or a few at a time, 
such that the pulses are emitted from the probes cycli- 
cally with a time lag between the pulses, whereas re- 
flected sound is detected in a plurality of, or in all of, 
the probes. 
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A method of measuring topogr aphy in an interface and use of 
the method £qx a ftigh-yolt^ge cable 

TECHNICAL FIELD 

5 

The present invention relates to a method, in a high- 
voltage cable comprising a conductor, an inner semicon- 
ductive layer and an insulating layer, of measuring the 
topography in the interface between the inner semicon- 
.0 ductive layer and the insulating layer. 

A preferred embodiment relates to a method, in a high- 
voltage cable which, in addition, comprises an outer 
semiconductive layer, of measuring the topography in the 
.5 interface between the outer semiconductive layer and the 
insulating layer. 

BACKGROUND ART 

10 Cables with a central conductor surrounded by one or more 
insulating layers have long been an important part of our 
public power- supply network. With a view to reducing the 
network of overhead lines, an increasing proportion of the 
distribution network has been laid underground and in that 

25 context' requirements for an increasing operating voltage in' 
the cable systems have been a driving force for a develop- 
ment towards both better cable designs and better material 
and production control . 

10 Apparatus and methods for continuous control of cable 
manufacture were proposed at an early stage. 

US 1,815,710 describes a method of controlling the thick- 
ness of material in a cable, especially the thickness of a 
55 metallic sheath surrounding an insulating layer. By means 
of induction coils, mounted in pairs and connected in a 
Wheats tone bridge, deviations from symmetry are indicated. 
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US 2,177,528 describes a method of measuring the concen- 
tricity of an insulated cable. A sensor, for example a 
metal roll, is moved over the outer surface of the cable 
and the capacitance between the conductor of the cable and 
5 the sensor is measured. 

US 2,721,975 describes two sensors diametrically placed at 
the outer surface of the cable. The capacitance between the 
conductor of the cable and the sensors is included in two 
10 branches in a measuring bridge, the unbalance of which 
hence indicates the eccentricity of the cable. 



US 3,407,352 suggests the use of two magnetic coils, 
mounted at different distances from an object to be 
15 measured, to monitor the thickness of an insulating layer 
over a conductive layer. A high-frequency voltage, for 
example 100 kHz, is applied to the coils and the phase 
difference is detected by means of a measuring bridge. 



20 US 3,500,185 suggests the use of a pair of diametrically 
placed measuring probes in contact with the surface of a 
cable in order to measure the eccentricity of the cable and 
the thickness of the insulation. The probes may be turned 
around the cable and are connected alternately into an arm 

25 in a capacitance bridge. 

In the methods described above, the composition of the 
cable is assumed to be considerably simpler than what is 
customary today. Instead of one single, hopefully homo- 

3 0 geneous, insulating layer which surrounds a conductor, the 
current practice is normally to have an inner semiconduc- 
tive layer around the conductor and an outer semiconductive 
layer outside the insulating layer. The thickness of each 
of these layers is significant for the function and service 

35 life of the cable. This creates quite new problems and 
raises new questions to be answered. 
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OBJECT OF THE INVENTION 
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The main object of the present invention is to suggest a 
simple and reliable method of performing quality control 
5 of high- voltage cables during continuous production. 

A second object is to carry out a corresponding control of 
test objects on a laboratory scale. 

10 A third object is to suggest a simplified method of 

measuring the topography for an interface between layers 
in a high-voltage cable, without the use of movable sen- 
sors . 

15 The present invention relates particularly to measurement 
of the topography in the interface between an inner semi- 
conductive layer and an insulating layer in a high-voltage 
cable while at the same time being designed to measure 
also the topography in the interface between an outer 

20 semi conductive layer and the insulating layer. 

SUMMARY OF THE INVENTION 

The present invention relates to a method, in a high- 
25 voltage cable comprising a conductor, an inner semicon- 
ductive layer and an insulating layer, of measuring the 
topography in the interface between the inner semicon- 
ductive layer and the insulating layer. A plurality of 
probes arranged in a fixed array, spatially fixed at the 
30 outside of the cable, are used to emit ultrasound, with a 
frequency of between 0.1 MHz and 20 MHz, preferably 
between 0.5 MHz and 5 MHz, in the form of pulses and to 
receive (detect) reflected sound (echo) . The probes are 
activated systematically, one or a few at a time, such 
35 that the pulses are emitted from the probes cyclically 
with a time lag between the pulses, whereas reflected 
sound is detected in a plurality of, or in all of, the 
probes . 
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GENERAL DESCRIPTION OF THE INVENTION 
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The desire to achieve increased operational reliability 
and reduced environmental disruption in the distribution 
5 of electric power at present leads to a growing demand for 
high-voltage cables. At the same time, the quality 
requirements for high-voltage cables increase 
continuously. 

10 The fundamental requirements that the cable can be pro- 
duced with a very small eccentricity and without any 
significant ovality and that the insulation can be manu- 
factured without impurities or blisters can nowadays be 
fulfilled to such an extent that other parameters are 

15 starting to be of decisive importance for the usefulness 
of the' cable. Among these parameters, the topography in 
the interface between an insulating layer and an inner 
semiconductive layer has a prominent position. 

20 The present invention proposes a way of contributing to an 
increased quality and hence reduced costs by suggesting a 
method for measuring the topography in the interface 
between an inner semiconductive layer, which surrounds a 
central conductor, and an insulating layer, which in turn 

25 surrounds the semiconductive layer. Outside of the insula- 
ting layer, an outer semiconductive layer is advan- 
tageously applied. 

According to the invention, it is proposed to use ultra- 
30 sound with a frequency of between 0.1 MHz and 20 MHz, 

preferably between 0.5 MHz and 5 MHz, for measuring the 
topography in the interface. The ultrasound is emitted in 
the form of pulses from a plurality of probes arranged in 
a fixed array, spatially fixed at the outside of the 
35 cable. The array should surround the cable. With the same 
probes, reflected sound (echo) is detected. The probes are 
activated systematically, one at a time, or a few at a 
time, such that the pulses are emitted from the probes 
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cyclically with 3. time lag between the pulses, whereas 
reflected sound is detected in a plurality of, or in all 
of, the probes. The systematic activation advantageously 
occurs in groups, whereby an intentional delay between the 
5 points in time for the activation' of the respective probes 
within a group provides a possibility of efficiently 
focusing the emitted sound to a desired point (so-called 
phased array) . 

10 Within the' scope of the invention it is also possible, by 
using several groups which are activated synchronously, 
for example two groups diametrically placed around the 
cable, to focus ultrasound at several points at the same 
time, preferably at two points, provided that this does 

15 not have a negative effect through interaction of the 
reflections of the two rays during the detection. 

The invention particularly relates to a method, in a high- 
voltage cable with an outer diameter of between 10 mm and 

20 100 mm, comprising an insulating layer of crosslinked 

polyethylene (PEX, XLPE) , of measuring the topography in 
the interface between the inner semi conductive layer and 
the insulating layer. Other extruded insulating materials 
including, but not limited to, high-density polyethylene 

25 (HDPE) and ethylene-propylene rubber (EPR) , also fall 
within the scope of the invention. 

In a high- voltage cable comprising a conductor, an inner 
semi conductive layer, an insulating layer and an outer 

30 semi conductive layer, the topography in the interface 

between the outer semiconductive layer and the insulating 
layer may also be advantageously measured. The method is, 
of course, also applicable when a high-voltage cable is 
built up with several insulating layers or in some other 

35 way differs from the cable design described as an example 
in this application. 
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The method entails considerable advantages if the ultra- 
sound is focussed on the respective interface between 
semi conductive layers and insulating layers and if the 
detected ultrasonic signal is amplified selectively such 
5 that signals from the respective interface is amplified 
more than the other signals from intermediate or outside 
disturbance sources . 

In .a preferred embodiment of the method, from the detected 
10 signals, the radial distance s between the interfaces of 
the outer and inner semiconductors towards the insulating 
layer is calculated, and the gradient of s is calculated 
at varying space coordinates along one of the interfaces 
or with a cylindrical coordinate system, adapted to the 
15 symmetry axis of the cable, at a constant radius defined, 
for example, for describing the expected position for one 
of the interfaces. When the value of the gradient of s 
exceeds a predetermined limit value, an alarm signal is 
sent and/or the cable is marked with a colour. 

20 

Further, the frequency of the ultrasound may be adapted to 
the outer diameter of the cable, to the diameter of the 
conductor, or to the thickness of the inner semi conductive 
layer. 

25 

Use of the method for continuous monitoring of cable manu- 
facture, or for laboratory analysis of cables, is also 
within the scope of the invention. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with 
reference to the accompanying drawings where 

35 Figure 1 schematically shows the cross section of a high- 
voltage cable and ultrasonic equipment intended for the 
method according to the invention, 



WO 01/96853 PCT/SE01/01007 

7 

Figure 2 shows a first cross section of a high-voltage 
cable with a non-ideal shape of an inner semiconductive 
layer, 

5 Figure 3 shows a second cross section of a high-voltage 
cable with a non- ideal shape of an inner semiconductive 
layer, 

Figure 4 shows a third cross section of a high-voltage 
10 cable with a non- ideal shape of an inner semiconductive 
layer, 

Figure 5 schematically shows a device for continuous con- 
trol of a manufactured high-voltage cable. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS/ 

Figure 1 shows the cross section of a high- voltage cable 1, 
with a central conductor 2 consisting of a plurality of 

20 strands 2a. The conductor 2 is surrounded by an inner, 

semiconductive layer 3, an insulating layer 4, of cross- 
linked polymer, and an outer semiconductive layer 5. The 
semiconductive layers 3, 5 and the insulating layer 4 are 
illustrated in an ideal case with a completely circular 

25 symmetry. 

At the outer surface of the high- voltage cable 1, there are 
schematically shown three probes 11, 12, 13 for the supply 
of ultrasound and detection of reflected sound from the 
3 0 interfaces between the insulating layer 4 and the respec- 
tive semiconductive layers 3, 5. The ultrasonic probes 11, 
12, 13 are interconnected by a superordinate control unit 
10. 

3 5 Figure 2 shows, in a corresponding way, the cross section 

of a high-voltage cable 1, with a central conductor 2, con- 
sisting of a plurality of strands 2a. The conductor 2 is 
surrounded by an inner semiconductive layer 3, of essen- 
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tially uniform thickness, but this layer 3 has a wavy shape 
formed by the strands 2a, with a pattern of valleys 3a 
winding their way around the conductor 2 . 



5 Figure 3 shows, in a corresponding way, the cross section 
of a high-voltage cable 1, with a central conductor 2, con- 
sisting of a plurality of strands 2a. The conductor 2 is 
surrounded by a semi conductive tape 6, with a longitudinal, 
overlapping joint 6b. An inner semiconductive layer 3, of 
10 essentially uniform thickness, has become thicker at the 

overlapping joint 6b. The thicker portion is interrupted by 
a steep slope 3b. 

Figure 4 shows, in a corresponding way, the cross section 
15 of a high- voltage cable 1, with a central conductor 2, 

consisting of a plurality of strands 2a. The conductor 2 is 
surrounded by a inner semiconductive layer 3, of essen- 
tially uniform thickness, but this layer 3 has been formed, 
during the extrusion, into irregularities 3c, 3d, 3e, ex- 
20 tending into the insulating layer 4, and exhibits longi- 
tudinal scores or scratches 3f , 3g. The magnitude of the 
defects, in this figure as well as in the previous ones, is 
greatly exaggerated to clearly show possible deviations 
from the desired appearance. 

25 

The corresponding defects may, of course, occur in the 
interface between the insulating layer 4 and the outer 
semiconductive layer 5 although this is not shown in the 
figures . 

30 

Figure 5 shows the cross section of a high-voltage cable 1 
in a measuring box 18 filled with a contact fluid (liquid) 
19. An array of probes 21, 22, 23, 24 etc, arranged in one 
or more layers 201 and annularly placed symmetrically 
35 around the cable 1, is arranged in the measuring box 18. 
The shown layer 201 comprises 32 probes 21, 22, 23, 24 
etc., four of which 21, 22, 23, 24 being shown connected to 
a superordinate control unit 20. All the probes in the 
shown layer 201, as well as in any additional layers (not 
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shown) , cooperate with the superordinate control unit 20 
although only a few connections are shown in Figure 5 in 
order not to complicate the picture unnecessarily. 

5 The high-voltage cable 1 is inserted into and withdrawn 
from the measuring box 18 through tightly sealing entries 
(not shown) in the ends of the measuring box 18. By con- 
current synchronized activation of a plurality of probes, 
in a phased array, the measurements may be focus sed on the 

10 desired positions in the cable, radially (in depth) as well 
as axially and tangentially . By means of a marking member 
(not shown) , those sections of the high-voltage cable 1, 
which do not fulfil the quality requirements made on the 
topography for the interface between an inner semicon- 

15 ductive layer 3 and an insulating layer 4 of crosslinked 
polyethylene, are marked with a colour. 
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1. A method, in a high-voltage cable comprising a conduc- 
tor, an inner semi conductive layer and an insulating 
5 layer, of measuring the topography in the interface 

between the inner semiconductive layer and the insulating 
layer, characterized by 

using ultrasound with a frequency of between 0.1 MHz and 
10 20 MHz, preferably of between 0.5 MHz and 5 MHz, 

using a plurality of probes arranged in a fixed array, 
spatially fixed at the outside of the cable, to emit 
ultrasound in the form of pulses and to receive (detect) 
15 reflected sound (echo) , and 

activating the probes systematically, one at a time, or a 
few at a time, such that the pulses are emitted from the 
probes cyclically with a time lag between the pulses, 
20 whereas reflected sound is detected in a plurality of, or 
in all of, the probes. 

2. A method according to claim 1, in a high-voltage 
cable with an outer diameter of between 10 mm and 100 mm, 
25 comprising an insulating layer of crosslinked polyethylene" " 
(PEX, XLPE) , of measuring the topography in the interface 
between the inner semiconductive layer and the insulating 
layer . 

30 3. A method according to claim 1, in a high- voltage cable 
comprising a conductor, an inner semiconductive layer, an 
insulating layer and an outer semiconductive layer, of 
measuring the topography in the interface between the 
outer semiconductive layer and the insulating layer. 

35 

4. A method according to claim 3 , in a high-voltage cable 
with an outer diameter of between 10 mm and 100 mm, com- 
prising an insulating layer of crosslinked polyethylene 
(PEX, XLPE), of measuring the topography in the interface 
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between the outer semiconductive layer and the insulating 
layer. 

5. A method according to any of the preceding claims, . 
5 characterized in that the ultrasound is focussed on the 

respective interface between semiconductive layers and 
insulating layers. 

6. A method according to any of the preceding claims, 
10 characterized in that the detected ultrasonic signal is 

amplified selectively such that signals from the respec- 
tive interface are amplified more than the other signals 
from intermediate or outside disturbance sources., 

15 7. A method according to any of the preceding claims, 
characterized in that, from the detected signals, the 
radial distance s between the interfaces of the outer and 
inner semiconductors, towards the insulating layer, is 
calculated. 

20 

8. A method according to any of the preceding claims, 
characterized in that the gradient of s is calculated, at 
varying space coordinates along one of the interfaces or 
at a constant radius in a cylindrical coordinate system, 

25 the z-axis of which essentially coincides with the symme- 
try axis of the high- voltage cable. 

9. A method according to any of the preceding claims, 
characterized in that, when the value of the gradient of s 

30 exceeds a predetermined limit value, an alarm signal is 
sent and/or the cable is marked with a colour. 

10. A method according to any of the preceding claims, 
characterized in that the frequency of the ultrasound is 

35 adapted to the outer diameter of the cable. 

11. A method according to any of the preceding claims, 
characterized in that the frequency of the ultrasound is 
adapted to the diameter of the conductor. 
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12. A method according to any of the preceding claims, 
characterized in that the frequency of the ultrasound is 
adapted to the thickness of the inner semi conductive 
layer . 

13 . Use of a method according to any of the preceding 
claims for essentially continuous monitoring of cable 
manufacture . 

14 . Use of a method according to any of the preceding 
claims for laboratory analysis of cables. 
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